Abstract-An efficient full-wave numerical method is proposed for describe with respect to the dispersion parameters the influence of shielding in unilateral asymmetric structures which can support two different propagation modes defined by C-mode and π-mode. The EM operators formalism is used in order to simplify the resolution of the boundary problems leading to the Galerkin's procedure which permits to find propagation characteristics. The obtained results have been validated with a good precision compared with those available in the international literature.
INTRODUCTION
Asymmetric planar transmission lines are widely used for many applications in monolithic microwave integrated circuits (MMIC's) devices for communication systems, such as directional couplers, filters or impedance matching networks. Asymmetric structures can provide additional advantages compared with the symmetric ones because of their impedance transform nature and circuit design flexibility.
The propagation constants and coupling characteristics are described in terms of respectively even and odd modes for the symmetrical lines [1] and of C-and π-modes for the asymmetrical lines [2] .
Design and characterization of planar structures are useful in the development of integrated circuits. For this, several numerical methods are appeared to model suitably those transmission structures. The transverse resonance method, combined with the electromagnetism operator formalism, is used in order to efficiently study in hybrid mode the shielding effects of metallic boxed coupled microstrip and coplanar lines as shown in Fig. 1 . In this paper, the dielectric substrate used to analyze shielded asymmetric planar structures is assumed to be homogeneous, isotropic, and lossless. Its upper face is partially metallized by two or three parallel uniform zero-thickness conducting strips along the direction of propagation (oz), as shown in Fig. 1 .
TRANSVERSE RESONANCE METHOD FORMULATION
The mathematical process behind this integral method is the use of operators formalism in order to simplify the resolution of boundary problems. The purpose is the evaluation of the global admittance operatorŶ (or impedance operatorẐ) to which the Galerkin's technique is applied [1, 2] .
Such process can be achieved through several steps described in the following sections [1, 2] .
Equivalent Network Representation of Cross Section of Unilateral Structure
The equivalent circuit of an unilateral asymmetric line with negligible thickness, includes the presence of a fictitious electric source represented in Fig. 2 by a transverse electric field E across the slot due to the metallized interface delivering a surface current density source J. The admittance operatorsŶ I andŶ II (for region 1 and 2 respectively) are expressed on the discontinuity plane. In Fig. 2 , oy is the direction of the fictitious propagation constant, while "sc" states for short-circuit.
Matrix Representation of the Boundary Conditions
The application of the boundary conditions on the interface (insulator-air or metal-air) requires that the transverse components of E and J in the xoz plane are respectively zero on the metal and outside the metal.
LetŶ andẐ be, respectively, the admittance and impedance operators associated to the analyzed line.
The Kirchoff's law yields to:
where:
J =Ŷ E = 0 on the insulator (3)
Matrix Representation ofẐ AndŶ Operators
The matrix representation of theẐ orŶ operators requires involvement of a complete and orthogonal basis functions (f n , n = 0, . . . , ∞), and the calculation of the mode-admittances y I n and y II n of region 1 and 2 respectively. The matrix expressions of admittance and impedance operators are given by [1] [2] [3] 
|f n f n | represents the projection operator on the basis vectors {|f n } n=0,∞ , where the product of vector "bra" ( f n |) with vector "cket" (|g n ) represents inner product of these two vectors. "e" and "h" are respectively the TM n and the TE n mode along the transverse direction (oy).
Galerkin's Method
The application of Galerkin's method requires the decomposition of transverse electric field in the slots for coplanar line, or of transverse current density on the conductor strips for the coupled microstrip line, as a sum of trial functions [2] such as:
k x and k z are the number of trial functions by component respectively along ox and oz direction. The electric field and the current density have to be zero respectively on the metallized strips and in the slots separating the conducting strips and they are given by:
After applying the Galerkin's method toẐ orŶ , a homogeneous system of the form "LX = 0" is obtained [1] [2] [3] . "L" is the dispersion matrix of (k x +k z ) * (k x +k z ) dimension, whith k x = k z = K, where the elements are composed of mode admittances (for coplanar structure) or mode impedances (for coupled mirostrip structure) and inner products of basis functions with trial functions [3] . "X" is the vector containing the transverse current densities (or electric fields) coefficients (e px , e qz ). Setting the determinant of L-matrix equal to zero, that will give the dispersion parameters.
CHOICE OF TRIAL FUNCTIONS
Trial functions have to respect several convergence criteria of this method [2] such as: -Boundary conditions, proportionality conditions and metallic edge effects conditions.
Cosine trial functions taking into account the metallic edge effects are chosen for asymmetric lines such as:
NUMERICAL RESULTS
The developed computer program calculates the effective permittivity "ε eff ", phase constant "β" and wavelength "λ" of fundamental mode for C and π mode of shielded asymmetric coupled microstrip and coplanar lines, using trial functions of sinusoidal form which take into account the metallic edge effects, where the convergence of our results does not exceed four trial functions by component (K ≤ 4) and 2000 modes according to the physical parameters of those asymmetrical planar lines. Figure 3 shows the vertical metallic sides effect of shielding on the "ε eff " of both C and π mode, when the width of slot(s) or metallic strips are varied. We deduce that shielding effect for coupled microstrip type structure is more important for wide slot(s) or wide conductor strips especially when the edges of metallic strips approach the vertical metallic sides. So the variation of "ε eff " of C and π mode becomes more important. About asymmetric coplanar structure, when width of central conductor or slots varies, shielding effect is more important especially for π mode involving an important variation of "ε eff ". According to the Figure 4 , the influence of C1 on the "ε eff " for asymmetric coupled microstrip type structure is more important for C-mode than for π-mode. Contrary to the shielded asymmetric coplanar line, the influence of C1 on the "ε eff " is less important for C-mode than for π-mode. Moreover, by moving successively the substrate to the horizontal lower side of the shielding, the "ε eff " increases more of C-mode and decreases more of π-mode respectively for asymmetric coupled microstrip and coplanar structures, especially for the symmetric case. Figure 5 shows the influence of horizontal metallic sides of shielding on "ε eff " of both C and π mode for symmetric and asymmetric lines, by varying height "b3" for various values of central aperture for coupled microstrip structure or central metallic strip for coplanar structure. These curves indicate clearly the influence of the shielding on the "ε eff " when the substrate is particularly near the lower horizontal conducting side. Moreover, for any value of "w" (see Figure 5 ) and when b3 varies between 1 mm and 6 mm, the horizontal metallic sides have no effect on "ε eff ", except for π mode of coplanar structure where "ε eff " vary versus "b3". According to the Figure 6 , numerical obtained results by this integral method show a good agreement with those published in the literature [4, 5] where the maximum relative error does not exceed 1.96%.
CONCLUSIONS
Transverse resonance method combined with the mathematical operator formalism has been successfully used for the efficient full-wave mode analysis of shielding effect in asymmetric structures. The obtained results converge well with those available in the literature, due to the adequate choice of trial functions used in this method. This method can be applied easy on the metallic (or isolating) region for symmetric and asymmetric structures, by using operatorẐ (orŶ ) to which the Galerkin procedure has been applied.
